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© The object is to provide an MSM type semicon- 
ductor photodetecting element which utilizes dis- 
torted superlattice. which has a high-speed response 
and a small dark currrent. A semiconductor 
photodetecting element in which a photodetecting 
layer (3) having a distorted superlattice layer of an 
in-plane compression distortion type is formed on a 
semiconductor substrate (1) by an epitaxial deposi- 
tion method. In this element, portions (grooves 8a 
and 8b) where an epitaxial deposition layer is partly 
removed are formed in the side wall of the semicon- 
ductor layer. A Schottky electrode (6) is provided on 
the inner surface of the groove (8a) through a multi- 


barrier structure (5). The high-speed response of a 
semiconductor photodetecting element is improved, 
and the dark current is reduced. 
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BACKGROUND OF THE INVENTION 

[Field of the Invention] 

This invention relates to an improved strained 
superlattice semiconductor photodetector having a 
side contact structure. 

[Prior Art] 

While PIN type semiconductor photod electors 
having pn junctions have been used in practical 
applications, Metal- Semi conductor- Metal (MSM) 
type semiconductor photodetectors realized by uti- 
lizing Schottky junctions have been attracting re- 
searchers* attention. 

Since an MSM type semiconductor 
photodetector comprising a pair of oppositely dis- 
posed electrodes on a crystal surface is particularly 
suited for use in a highly integrated circuit such as 
an OEIC (opto-electronic integrated circuit), a num- 
ber of studies have been made in this technological 
field. 

While an MSM type semiconductor 
photodetector has advantages of having a very 
small capacity and being structurally simple and 
therefore capable of being produced with a re- 
duced number of manufacturing steps, it has cer- 
tain technological problems to be solved before it 
can make a feasible opto-electronic device, includ- 
ing a relatively large dark current that has to be 
reduced and a relatively long rise time of the 
responding . pulse that needs, to be curtailed in 
order to achieve a fast pulse response. 

A long rise time of the responding pulse of an 
MSM type semiconductor photodetector is attrib- 
utable to the fact that holes generated as a result 
of optical absorption move rather slowly so that 
they tend to get to the cathode considerably long- 
after the end of light exposure, 

The use of a strained superlattice has been 
proposed as means for accelerating holes in order 
to eliminate the above identified technological 
problems. 

This proposal is based on the fact that, if a 
semiconductor photodetector has a strained super- 
lattice structure, the effective mass of holes in the 
strained superlattice layer having intra-planar com- 
pressive strains of the device is reduced along 
intra-planar directions to enhance the mobility of 
holes, when compared with a device having no 
strained structure. 

Fig. 4 illustrates a typical MSM type semicon- 
ductor photodetector realized by utilizing a strained 
superlattice structure. 

Referring to Fig. 4, a nondoped InP buffer layer 
12, a photodetective layer 13 having a strained 
superlattice structure and comprising an InGaAs 


compressive strain layer and an InGaAs tensile 
strain layer, a nondoped In At As layer and Ti/Pt/Au 
electrodes are sequentially laid on a (100) Fe- 
doped InP substrate 11. 
5 An MSM type semiconductor photodetector 

having a strained superlattice structure as shown in 
Fig. 4 is accompanied by the following problems 
when it is used for a practical application. 

(1) After moving in parallel with an intra-planar 
jo direction in the strained superlattice structure, 

carriers move perpendicularly relative to the 
strained superlattice until they get to an elec- 
trode. 

In other words, their responsiveness is deg- 
75 raded as they pass over a barrier layer of the 

strained superlattice (and they give rise to a pile 
up phenomenon at a heterobarrier). 

(2) Carriers are generated by incident light in 
both the compressive and tensile strained 

20 superlattice layers and caused to move toward 

an electrode in the two strained superlattice 
layers. While holes behave as lightweight holes 
in the compressive strained superlattice layer, 
they remain as heavyweight holes in the tensile 

25 strained superlattice layer so that the speed at 
which they move cannot be significantly im- 
proved as a whole. 

(3) An increased leak current appears from any 
reversely biased Schottky junctions to increase 

30 the dark current of the device because of a low 
Schottky barrier between each electrode and a 
semiconductor on the InP substrate of the de- 
vice. 

35 SUMMARY OF THE INVENTION 

In view of the above identified technological 
problems, it is therefore an object of the present 
invention to provide an MSM type semiconductor 

40 photodetector having a strained superlattice struc- 
ture that shows a high responsiveness and, at the 
same time, a reduced dark current. 

According to the invention, the above object is 
achieved by providing a strained superlattice semi- 

45 conductor photodetector comprising semiconductor 
layers including a photodetective layer having an 
intra-planar compressive strain type strained super- 
lattice layer formed on a semiconductor substrate 
by epitaxial growth characterized in that it has a 

so side contact structure formed by removing part of 
the epitaxially grown layers from the side walls of 
the semiconductor layers to produce cut-out sec- 
tions and arranging electrodes in said cut-out sec- 
tions, respectively. 

55 Preferably, a semiconductor photodetector ac- 

cording to the invention is partly or entirely config- 
ured with any of the following features. 
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Firstly, the epitaxially grown layers are partly 
removed to produce grooves at lateral sides of the 
photodetective layer having a strained superlattice 
layer and electrodes are arranged in said grooves 
respectively and/or the electrodes arranged at the 
lateral sides of the photodetective layer have a 
Schottky junction and/or one or more than one 
Schottky electrodes are arranged on lateral sides of 
the photodetecting layer having a strained superlat- 
tice layer by way of a multiquantum barrier struc- 
ture. 

Secondly, the photodetective layer having a 
strained superlattice layer comprises an optically 
absorbent intra-planar compressive strain type 
quantum well layer and an optically nonabsorbent 
intra-planar tensile strain type quantum barrier lay- 
er and the^ quantum well layer and the quantum 
barrier layer have respective strain factors that are 
substantially equal to each other for the intra-planar 
compressive strain and the intra-planar tensile 
strain. 

Preferably, the quantum well layer is made of 
mixed crystal of InGaAs(P) or InGaAs(Sb) having^ 
an strain factor of not greater than 3% for the intra- 
planar compressive strain and a energy band gap 
width of not greater than l.42eV and the quantum 
barrier layer is made of mixed crystal of InGaAs (P) 
or Al (Ga) In As having an strain factor of not 
greater than 3% for the intra-planar tensile strain 
and an energy band gap width of not greater than 
0.75eV. 

Since the epitaxially grown layers of a semi- 
conductor photodetector according to the invention 
are partly removed to form cut-out sections in the 
side walls of the semiconductor layers and elec- 
trodes are arranged in the cut-out sections, respec- 
tively, carriers are not required to pass over a 
barrier layer so that no pile-up phenomenon is 
given rise to at a heterobarrier. Consequently, car- 
riers can move at an enhanced speed to improve 
the fast responsiveness of the semiconductor 
photodetector. 

If, at least one of the electrodes of a semicon- 
ductor photodetector according to the invention is 
of the Schottky type and the Schottky junction of 
the electrode is arranged by way of a multiquantum 
barrier structure, the effective Schottky barrier be- 
comes high to reduce any leak current to con- 
sequently reduce the dark current of the device. 

If a semiconductor photodetector according to 
the invention comprises an optically absorbent lay- 
er that is a quantum well layer having compressive 
strain and a barrier layer that is made of a material 
transparent with regard to incident light, holes 
move in an intra-planar direction of the strained 
superlattice structure as light-weight holes to con- 
sequently enhance the responsiveness of the semi- 
conductor photodetector. 


BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic partial sectional view of 
an embodiment of semiconductor photodetector 
5 according to the invention. 

Fig. 2 is a band diagram of the embodiment of 
Fig. 1 taken along line X-X. 

Figs. 3(A) and 3(B) are illustrations showing, for 
comparison, the relationship between the energy 
io level of incident light and that of the absorption 
edge of the photodetective layer (well layer, barrier 
layer) of a semiconductor photodetector according 
to the invention and that of a conventional semicon- 
ductor photodetector. 
75 Fig. 4 is a schematic partial sectional view of a 

conventional semiconductor photodetector. 

BEST MODE OF CARRYING OUT THE INVEN- 
TION 

20 

Now, the present invention will be described by 
referring to the accompanying drawings that illus- 
trates a preferred embodiment of the invention. 

Fig. 1 is a schematic partial sectional view of a 
25 preferred embodiment of the invention. Referring to 
Fig. 1. a 0.5um thick InAIAs buffer layer 2. a 
superlattice photodetective layer 3 and a 300A 
thick InAIAs cap layer 4 that lattice-matches with 
InP are sequentially formed on a semiconductor 
30 (semi-insulating) substrate 1 made of InP. 

The superlattice photodetective layer 3 is of a 
strained superlattice structure having a thickness of 
0.5um to 1-Ou.m. 

The strained superlattice structure of the 
35 photodetective layer 3 is made of ln 0 ,68Ga 0 .3 2 As 
(100A thick) having compressive strain and 
lno.37Alo.e3As (100A thick) having tensile strain and 
so designed that the structure appears to have no 
strain at ail as a whole as the compressive strain 
40 and the tensile strain are mutually offset. 

In Fig. 1, 5 is a multiquantum barrier layer 
made of InAIAs-lnGaAs(P) and 6 is a Schottky 
electrode made of Ti-Pt-Au, whereas 7 is an ohmic 
electrode made of Au-Ge-Ni. 
45 The ohmic electrode may alternatively be pro- 

duced by forming InAIAs in one of the grooves of 
the photodetective layer 3 and then a Schottky 
electrode thereon. 

Fig. 2 shows a band diagram of the embodi- 
50 ment of Fig. 1 taken along line X-X. 

Referring to Fig. 2, the InGaAs well layer with a 
compressive strain factor of 1% has a band gap Eg 
of approximately 0.60eV. 

If the well layer has a thickness not smaller 
55 than 40A, its absorption edge energy including the 
quantum confinement effect is not greater than 
0.84eV and can absorb light having a wavelength 
of 1 .55am. 
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The InAlAs barrier layer with a tensile strain 
factor of 1 % doesn't normally absorb light having a 
wavelength between 1.3 and 1.65um which is nor- 
mally used for optical telecommunications. 

By combining a compressive strain type well 
layer and a tensile strain type barrier layer, a 
sufficiently thick photodetective layer may be 
formed without any particular problem as the stress 
of the compressive strain and that of . the tensile 
strain are mutually offset. Since incident light is 
absorbed only by the compressive strain type well 
layer, carriers are made to move in the welt layer 
only in an intra-planar direction of the layer. 

Figs. 3(A) and 3(B) show for comparison the 
relationship between the energy level of incident 
light and that of the absorption edge of the 
photodetective layer 3 (well layer, barrier layer) of a 
semiconductor photodetector according to the in- 
vention and that of a conventional semiconductor 
photodetector. 

Referring to Figs. 3(A) and 3(B), a semiconduc- 
tor photodetector according the invention and sat- 
isfying a relationship of E g w<EgL<Eg B is obviously 
superior to a conventional semiconductor 
photodetector showing a relationship of 
E gW <E g B<EgL in terms of fast responsiveness and 
reduced dark current. 

A semiconductor photodetector according to 
the invention can typically be prepared by following 
the steps as described below. 

Firstly, an InAIAs buffer layer 2, a photodetec- 
tive layer 3 and a cap layer 4 are sequentially 
formed on an InP semiconductor substrate by epi- 
taxial growth. 

Then, a pair of grooves 8a,'. 8b having a 
frustoconical sectional view are cut across the lay- 
ers, the photodetective layer 3 being at least cut 
through. 

Thereafter, the negative and positive electrodes 
are arranged at respective predetermined positions 
of the device. 

Before arranging a negative electrode, a mul- 
tiquantum barrier layer 5 is formed on the inner 
surface of the groove 8a by means of ALE (atomic 
layer epitaxy) described in Document 1 listed be- 
low. Then, a Ti-Pt-Au Schottky electrode 6 is 
formed on the multiquantum barrier layer 5 by 
selective vapor deposition using the technique of 
photolithography. 

Document l: Appl. Phys. Lett., 56 (1990) 289 

The positive electrode is an Au-Ge-Ni ohmic 
electrode 7 formed on the inter surface of the 
groove 8b by vapor deposition using a known tech- 
nique. The ohmic electrode 7 may be replaced by 
a Schottky electrode realized by forming InAIAs on 
the inner surface of the groove 8b by vapor deposi- 


tion using ALE or some other known technique. 

Schottky metals that may be used for the 
Schottky electrode include Ti-Pt-Au and Mo-Ti-Pt- 
Au. 

5 The overall configuration of a semiconductor 

photodetector according to the invention is not 
limited to the one described above and may be 
modified appropriately without departing the scope 
of the invention. Some of such possible modifica- 

10 tions will be described below. 

The semiconductor (semi-insulating) substrate 
may alternatively be made of a GaAs type material. 

Materials that can be used for the strained 
superlattice structure include substances containing 

J5 four elements such as InGaAtAs and InGaAsP. 

The buffer layer may be made of a superlattice 
layer or InP, whereas the multiquantum barrier lay- 
er may be made of InAIAs-lnGaAs(P) disclosed in 
Document 2 listed below. 

20 

Document 2: Jpn. J. AppL Phys., 31 (1992) L1351 

While the band gap of the quantum layer of the 
strained superlattice structure of the photodetective 
25 layer has an upper limit of 1.42eV, it is preferably 
not greater than 0.8eV. 

The bad gap of the quantum barrier layer 
should not coincide with the wavelength of light to 
be absorbed by the device and preferably not 
30 smaller than 1 .OeV. 

[Industrial Applicability] 

Since a semiconductor photodetector accord- 
as ing to the invention has, among others, the follow- 
ing advantages, it can advantageously be used for 
optical telecommunications. 

(1) In a strained superlattice semiconductor 
photodetector comprising semiconductor layers 

40 including a photodetective layer having an intra- 
planar compressive strain type strained superlat- 
tice layer formed on a semiconductor substrate 
by epitaxial growth, the responsiveness of the 
device is remarkably improved since the epitax- 

45 ially grown layers are partly removed from the 
side walls of the semiconductor layers to pro- 
duce cut-out sections and electrodes are ar- 
ranged in said cut-out sections, respectively. 

(2) Since the epitaxial I y grown layers are partly 
50 removed to produce grooves at lateral sides of 

the photodetective layer having a strained 
superlattice layer and electrodes are arranged in 
said grooves respectively and/or the electrodes 
arranged at the lateral sides of the photodetec- 
55 tive layer have a Schottky junction and/or one or 
more than one Schottky electrodes are arranged 
on lateral sides of the photodetecting layer hav- 
ing a strained superlattice layer by way of a 
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multiquantum barrier structure, the effective 
Schottky barrier of the device has an increased 
barrier height to reduce any leak current to 
consequently reducethe dark current of the de- 
vice, s 
(3) Since the photodetective layer having a 
strained superlattice layer comprises an opti- 
cally absorbent intra-planar compressive strain 
type quantum well layer and an optically nonab- 
sorbent intra-planar tensile strain type quantum 10 
barrier layer and holes move along an intra- 
planar direction of the strained superlattice 
structure only as lightweight holes, the fast re- 
sponsiveness of the device is further improved. 

15 

Claims 

1. A strained superlattice semiconductor 
photodetector comprising semiconductor lay- 
ers including a photodetective layer having an 20 
intra-planar compressive strain type strained 
superlattice layer formed on a semiconductor 
substrate by epitaxial growth characterized in 

that it has a side contact structure formed by 
removing part of the epitaxial ly grown layers ' 25 
from the side walls of the semiconductor lay- 
ers to produce cut-out sections and arranging 
electrodes in said cut-out sections respective- 
ly. 

30 

2. A strained superlattice semiconductor 
photodetector according to claim 1, wherein 
the epitaxiafly grown layers are partly removed 
to produce grooves" at lateral sides of the 
photodetective layer having a strained super- 35 
lattice layer and electrodes are arranged in 

said grooves respectively. 

3. A strained superlattice semiconductor 
photodetector according to claim 1 or 2, 40 
wherein the electrodes arranged at the lateral 
sides of the photodetective layer have a Schot- 
tky junction. 


7. 


quantum barrier layer and the quantum well 
layer and the quantum barrier layer have re- 
spective strain factors that are substantially 
equal to each other for the intra-planar com- 
pres sive strain and the intra-planar tensile 
strain. 

A strained superlattice semiconductor 
photodetector according to claim 5, wherein 
the quantum well layer is made of mixed cry- 
stal of InGaAs(P) having an strain factor of not 
greater than 3% for the intra-planar compres- 
sive strain and a energy band gap width of not 
greater than 1.42eV and the quantum barrier 
layer is made of mixed crystal of InGaAs(P) 
having an strain factor of not greater than 3% 
for the intra-planar tensile strain and an energy 
band gap width of not greater than 0.75eV. 

A strained superlattice semiconductor 
photodetector according to claim 5, wherein 
the quantum well layer is made of mixed cry- 
stal of InGaAs(Sb) having an strain factor of 
not greater than 3% for the intra-planar com- 
pressive strain and a energy band gap width of 
not greater than 1.42eV and the quantum bar- 
rier layer is made of mixed crystal of InAI(Ga)- 
As having an strain factor of not greater than 
3% for the intra-planar tensile strain and an 
energy band gap width of not greater than 
0.75eV. 


4. A strained superlattice semiconductor 45 
photodetector according to claim 1, wherein 
one or more than one Schottky electrodes are 
arranged on lateral sides of the photodetecting 
layer having a strained superlattice layer by 
way of a multiquantum barrier structure. 50 


5. A strained superlattice semiconductor 
photodetector according to one of claims 1 
through 4, wherein the photodetective layer 
having a strained superlattice layer comprises 55 
an optically absorbent intra-planar compressive 
strain type quantum well layer and art optically 
nonabsorbent intra-planar tensile strain type 
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Fig. 1 



Fig. 2 
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Fig . 3 
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